A wide variety of aeolian sand dunes are found in Chah Jam erg, in central part of IRAN, best known type of them are the barchan dunes, shaped in a crescent, which occur if the wind comes steadily from the same direction throughout the year and if there is not enough sand to cover the entire surface. Barchan dunes in studied area are moving to 20 m/year toward S-SW. Their speed is dependent on wind velocity, three dimensional morphology and interaction between them. In this study, morphological parameters of barchan dunes and their annual movement rate (from 1/4/2008 to 1/4/2009) have been measured. Then using regression analysis method, type and intensity of relationship between morphological parameters and movement rate have been reexamined. These relationships follow simple and multivariable liner, power and exponential relations. Finally, we represented the models, by using them, can easily assess annual movement rate of Barchan dunes.
abundant and the most common Aeolian compressive forms that originate from reciprocal interaction between wind flow and sand bed (Hersen, 2004) . These features depend mainly on the amount of available sand and on the change in the direction of the wind over the year (Bagnold, 1941; Brookfield and Ahlbrandt, 1983; Nickling, 1986; Kocurek, Pye and Tsoar, 1990; Besler, 1992; Lancaster, 1995; 1996; Sauermann et al, 2003) . The main sitting of barchan dunes is situated between wind origin and principal site of concentration of erg (Mahmoudi, 2004 ).
Barchan's plan shape is a parabola-like curve reaching from the tip of one horn to the point of maximum slip face height and back to the tip of the other horn. The windward or stoss-side of the dune is limited by a sharp edge, called the brink. The brink coincides in many cases with the crest of the dune and separates the slip face from the dune's windward side (Sauermann et al, 2000) .
A wide variety of barchan dunes are found in south part of Haj Ali GHoli playa, in central part of Semnan province, in IRAN. Barchan dunes of this area have been formed from quick sand, and with maintain of their crescent shape migrate along prevailing wind. Therefore displacement and lateral movements with annual typical trend is the most important of their characteristics. Barchans movements and displacement has been a natural threat and destructive factor for human infrastructure for a long time, that disregard is caused naught and mortuary of this infrastructure. Statistical analysis of barchans morphometric and morphodynamic parameters is effective in recognition of behavior and function of this feature in nature and realization of trend of its annual lateral movement. This achievement will be a useful help for researchers to decline hazards that are caused from barchans movement rate.
Unlike more widely studied desert dunes for which sediment transport dynamics have been documented in many field studies (Howard et al., 1978; Tsoar, 1983; Lancaster, 1989; Livingstone, 1993) , only a few studies have documented the patterns of sediment transport across parabolic dunes, mainly in coastal settings (e.g., Robertson-Rintoul,1990; Arens et al., 2004) . Research on the dynamics of parabolic dunes has focused on several key topics including: (i) dune distribution and morphology (Landsberg, 1956; Cooper, 1958; David, 1977 David, , 1981 Pye, 1982; Anton and Vincent, 1986; Pye, 1993; Wolfe and David, 1997) ; (ii) timing of past dune activity (Wolfe et al., 1995; David et al., 1999; Wolfe et al., 2000 Wolfe et al., , 2001 Arbogast et al., 2002; Forman and Pierson, 2003; Havholm and Running, 2005) ; (iii) rates of migration (Cooper, 1958; Pye, 1982; Anthonsen et al., 1996; David et al., 1999; Craig, 2000; Tsoar and Blumberg, 2002; Bailey and Bristow, 2004; Marín et al., 2005) ; (iv) internal structure (Bigarella, 1975; Halsey et al., 1990) ; and (v) contemporary processes (Robertson-Rintoul, 1990; Arens et al., 2004) . Despite this progress, they do represent the best-studied type of dunes, and both their morphological and dynamic parameters are well understood (e.g. Bagnold, 1941; Hesp and Hastings, 1998) and have been successfully modeled on the individual dune scale (e.g. Herrmann and Sauermann, 2000; Hersen, 2004) as well as on the dune field scale (Lima et al., 2002) . Besides their wide distribution in arid environments on Earth (e.g. India: Singhvi and Kar, 2004; Israel: Tsoar and Blumberg, 2002; Saudi Arabia: Al-Harthi, 2002; Abolkhair, 2004; Chad: Warren et al., 2007; North America: Forman et al., 2001) they have also been observed in submarine environments (Todd, 2005) and on Mars (Bourke et al., 2006) . In the coastal desert of southern Peru, barchans have been investigated by Finkel (1959) , Hastenrath (1967) , Lettau and Lettau (1969) and Gay (1962 Gay ( , 1999 . Empirical relationships between barchans width and height have been found by several authors and summarized by Hesp and Hastings (1998) . Furthermore, an empirical relationship between barchans width and migration rate has been established for the Pampa de Jaguay barchans swarm and a further group of barchans (Gay, 1962 (Gay, , 1999 .
In this paper, using quantity measurement methods and statistical modeling, relationships among morphometric and morphodynamic parameters of barchan dunes in Chah Jam erg are studied and realized. Also we have tried to describe morphology characterizes of the Barchan dunes using modeling process of mathematical and statistical methods. The aim of this study is the reorganization of alometric relationships among morphometric parameters and representation of statistical equations of estimate of barchans movement rate. In addition to, effect of each parameter over barchans movement rate is assessed. Using common methods of modeling, type and intensity of relationship and characteristics of models, such as constant coefficients, R square, STD error of estimate and rate have been investigated and represented in order to estimate alometric relationships among barchans morphological parameters. The obtained results will be very important for investigation of shape and recognition of behavior of Barchans dunes in nature. The recognition of morphological relationships between barchan parameters can act as an index in order to determine the condition of barchan system and also shed light on the its trends. Furthermore estimate of these parameters and recognition of their relationships is a consequence from rate of threat and disturbance and provide for environmental managers with the same, that their investigation determine different region from the view point of environmental management and prioritize them.
Study area

Geographical position
The studied field is located in south of Haj Ali Gholi playa, in central part of Semnan province, IRAN (Fig. 1) . Haj Ali Gholi playa is the most important playa of Semnan province, that is situated in southwestern of Shahroud to south of Damghan. This playa is a tectonic and sediment hole, which at present is influenced by different geomorphic and climatic process. Shortage of vegetation cover and moisture are caused windy geomorphic process have been dominated upon other processes around of this playa. So, we can observe some kinds of windy features erosion in this region. Chah Jam erg, with extent about 25260 hectares, is one of the most important of ergs of Haj Ali Gholi playa that is located irregularly along northeastern -southwestern edge of playa with 10 to 12 km length (Ahmadi, 2007 (Fig. 1 ).
Climatic conditions
The typical geographical position of studied area is caused opposite climatic conditions in different seasons of year. Furthermore, human and natural intensified factors of desertification are other reasons of opposite climatic conditions in this area. Position of field in south of Alborz chain mountain, vicinity with dry plains of Central Iran, remote from moisture masses, be influence of rainy masses, direction and length of chain mountains and locally dry winds are caused a arid climate for studied area (Table 1) . Summer climate of this field is controlled by subtropical high-pressure, and its winter climate is controlled by western winds that originate from Mediterranean Sea. The prevailing wind direction in the study area is mainly from the E-NE with annual speed mean about 4.9 knots, although dusty winds occasionally come from the other direction (Fig. 2 ).
Methods and techniques
At first, studied area is recognized via satellite images of Google Earth, and then barchans morphological parameters are measured along 10 transects that were covering entire extent of Chah Jam erg. Measurements are based on fig. 3 . This figure shows types of barchan morphological parameters and method of their measurement (Fig. 3 ).
We define for each barchan dunes, the lengths L a , L b and the widths W a , W b independently, as did Finkel (1959) , Hesp and Hastings (1998), Sauermann et al (2000) and Daniell & Hughes (2007) . The orientation of the measuring axis is chosen according to the wind direction, which coincides with the symmetry line for a totally symmetric dune. Furthermore, this study introduces the length of the slip face L s and the length L o from the dune's toe on the windward side to the brink. Finally, the height of the slip face H is defined at the highest point of the brink, which is the intersection of the brink and the longitudinal centerline of the dune. Eq. (1):
Barchan perimeter and area are measured according to Fig. 4 , whereas at first a coordinate system is simulated for each barchan dunes in the nature, and then coordinates of 21 points over barchan perimeter is determined (Fig. 4) . Pronounced points are planed on millimeteric paper with scale of 1:100, then barchan perimeter and area is measured by pelanymeter and curvimeter respectively as illustrated in Fig. 4 .
Barchan dunes volume (V) is a function from height and area, and was calculated as a half pyramid volume using Eq. 3 for all dunes (Hersen et al., 2004; Hesse, 2008) . Finally, studied barchans position proportionally to their piques is realized in 1/4/2009 date and then movement rate of studied barchan dunes is measured directly in nature (Fig. 5) .
Overall, then from measurement and determination of morphological parameters, for recognition of type and intensity of relationships between them, we have been studied and reexamined these relationships using SPSS software and regressive analysis technique. For this achievement, at start, we have been reexamined linear and nonlinear, simple and multiple variable regressive analysis technique such as linear, power, exponential, cubic, logarithmic, multiplier and etc, and then we have been selected the most important and the most suitable of relationships. Totally In this study, the most important and the most suitable of relationships are following from linear, power and exponential relationships. So, in the results part, only, these relationships are represented. Finally, for recognition of intensity of relationships, models parameters and value of R, R square, adjusted R square, std error of estimate and significant is reported also.
On this dune field, hundreds of barchans can be found; generally all of them have same size and shape (Fig. 6 ).
The examined dunes are mainly of individual barchan type having heights between 1.2 and 17.9 m, while their bases are typically 19.5 to307.9 m long and 6.3 to 165.6 m wide (Table 2 ).
Results
Relationships between morphometric parameters
Regression analysis was performed on the data obtained for morphometric parameters (Table 2) . Equations representing the best-fit relationships were obtained using linear simple models. The respective equations were obtained at 95% confidence limits. The results of the regression models between the morphometric parameters of the investigated barchan dunes are listed in Table 3 , and their graphical relationships are illustrated in Figs. 7.
Results of the statistical modeling using regression analysis method showed a maximum significant linear relationship height with length of Barchan dune with R square of 0.945 and STD error of estimate 0.889.
Relationships between plane geometric and morphometric parameters
The results of the regression models between plane geometric and morphometric parameters of the investigated barchan dunes are reported in Table 4 and their graphical relationships are illustrated in Fig. 8 . 
Relationships between volume and morphometric parameters
Barchan dunes have been formed from quick sand, and migration and lateral movements is the most important of their characteristics. One of the most important factors for prediction of barchan behaviors is volume dunes, that it is useful for explaining its movement in spatial and temporal distributions and also this can act as an index in order to determine the condition of barchan system and shed light on the its trends. Furthermore recognition and estimate of this parameter is a consequence from rate of movement, threat and disturbance and provide for environmental managers with the same, that their investigation determines different regions from the view point of environmental management and prioritize them.
The results of the simple regression models between volume and morphometric parameters of the investigated barchan dunes are represented in Table 5 , and their graphical relationships are illustrated in Figs. 9.
The obtained results of simple relationships between volume and morphometric parameters show a maximum significant power relationship with area of Barchan dunes with R square of 0.993 and std error of estimate 0.169.
The obtained results of the multi variable regression models between volume and morphometric parameters of the investigated barchan dunes are reported in Table 6 .
Relationships between movement rate and morphological parameters
The obtained results of the regression models between movement rate and morphological parameters of the investigated barchan dunes are listed in Table 7 , and their graphical relationships are represented in Figs. 10.
The obtained results show that relationships between movement rates and morphological parameters are following from simple linear, power and exponential relationships. The obtained relationships from relation study between this parameters represents a maximum significant exponential reverse relationships of movement rate with barchans height parameter with R square of 0.915 and std error of estimate of 0.133.
Relationships between movement rate and morphological parameters of barchan dunes of studied field illustrate significant linear, power and exponential reverse relationships of movement rate (Table 7 & Fig. 10) . Observations represent that barchan dunes of studied field can displace to 20 m/ year. Barchan dunes in studied area move proportionally to the wind velocity and inversely proportionally to their height and 3d shape. On the other ways, the less barchan 3d morphology (volume and height), the more its annual movement rate. The higher the dune, the larger the amount of sand involved in its movement and, consequently, the slower its movement. So, in the same conditions, barchan dune, having shorter size, is migrated quickly.
Discussion
The base of applied geomorphology analysis is according to systemic stand point. Systemic geomorphology is based on recognition of geomorphic forms and processes and relationships between them. Efficiency of this stand point, when there are linear and nonlinear reciprocal relationships between parts and elements of system, is very important. The studied system in this research is Barchan landscape in the south of Haj Ali Gholi playa.
Barchan dunes are open and natural systems and are capable of modeling in different levels.
A side view of a barchan shows a rather flat aerodynamic structure. When viewed from above, a barchan presents a crescent shape with two horns pointing downwind. A sharp edge divides the dune in two areas: the windward side and the slip face, where avalanches develop (Bagnold, 1941; Pye & Tsoar, 1990; Cook et al, 1993) . Because of a boundary layer separation along this sharp edge a large eddy develops downwind and wind speed decreases dramatically. Therefore, the incoming blown sand is dropped close to the brink line. That is why the barchan is known to be a very good sand trapper (Hersen, 2004) . The source of sand transported by wind is the upwind flank of the dune. Part of this sand crosses the dune where the crest line makes a larger angle with the prevailing wind direction to form a slip-face on the downwind flank. This part is lifted again by the wind and moved along the downwind flank parallel to the crest line. The other part, striking the crest line at a smaller angle, does not cross the dune and moves along the upwind side, again, parallel to the crest line. The movement of the two parts tends to move the dune downwind along its crest line (Al-Harthi, 2002) . Sometimes, when the drift of sand is too large, an avalanche occurs and grains are moved down the slip face. In short, grains are dragged by the wind from the windward side of the dune to the bottom of the slip face and, grain after grain, the dune moves (Hersen, 2004) . So, the rate of sand drifting is a function of the sand grain size, the wind speed, and the geomorphic conditions.
Barchan dunes are highly mobile dunes which constitute a considerable threat to infrastructure in arid regions with sand. They move over roads, pipelines and cover even cities. The large time scales involved considerably complicate reliable measurements.
Field observations in this study show that barchan dunes can move to 20 m/year. Their speed is dependent on wind power and on their 3d shape: for the same wind strength, the velocity of barchan is roughly inversely proportional to their height (Mousavi, 2009).
Conclusion
Interaction among climatic processes, obstacles of earth surface and Aeolian sediments characteristics are causes of creation of barchan dunes in study area. Barchan dunes have been forming from quick sand, and displacement and lateral movements is the most important of their characteristics. These features migrate along prevailing wind, while maintain their crescent shape and 3d morphology.
In this study, at first, Barchan morphological parameters have been defined and measured, and then type and intensity of relationships between them have been determined and modeled. The obtained result from study relations by regressive analysis technique show significant relationships among morphological parameters of barchan dunes of studied field. Also relationships between movement rate and morphological parameters illustrate significant linear, power and exponential reverse relationships. Observations represent that barchan dunes of studied field can displace to 20 m/ year, and are moving proportionally to the wind velocity and inversely proportionally to their height and 3d shape. On the other ways, the less barchan 3d morphology (volume and height), the more its annual movement rate. Therefore, the higher size the dune, the larger the amount of sand involved in its movement and, consequently, the slower its movement. So, in the same climatic and geomorphic conditions, barchans dunes, having shorter size, is migrated quickly.
In this paper for modeling and conversion of morphometric relations of barchans parameters, we have been represented models statistically, that using them, we can easily account plane geometric parameters, deal of volume and annual movement rate of Barchan dunes. Therefore the results of this study provide possible of exact and rapid estimation of Barchan morphometric, plane geometric and morphdynamic parameters.
The prevailing wind direction in the study area is mainly from the E-NE, so displacement direction of barchan dunes is mainly toward W-SW. These landscapes are mobile dunes which constitute a considerable threat to infrastructure in study field with their mobile sand. They move over communication ways of region, phone lines and even over Damghan city, and also disturb agricultural fields and intensify desertification problems in study area. 
